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Quantitative optical cross sections are required to interpret the lidar signal returns from aerosol clouds [1] . Such clouds typically contain of a distribution of particle sizes [2, 3] , so cross sections must include contribution by the entire size range of the population. We have designed and fabricated a short-standoff bistatic lidar system, shown in Fig. 1 , for direct measurement of the optical backscatter and laser induced fluorescence (LIF) cross sections of a volume of aerosols contained inside a vacuum sealed, aerosol flow chamber. Optical backscatter and LIF cross sections are determined by comparing the measured elastic and LIF signals with the N 2 Raman scattering signal originating from the same sample volume, a technique which eliminates the need for absolute radiometric calibration of the system. Instead, all detectors in the system are calibrated relative to the N 2 Raman channel and the aerosol cross sections are determined by taking the ratio of the backscatter (or LIF) signals to the Raman signal and multiplying by the well-known Raman cross section of N 2 . The bistatic lidar configuration naturally defines a limited region in space where the laser beams and the receiver field-of-view overlap, the volume of which can be quantified by translating a calibration target through the overlap region. Our technique also takes advantage of a specially designed, sealed, aerosol flow chamber that provides a well-mixed, uniform aerosol distribution over the measurement region. Both modeling results and experimental measurements confirm that no particle loss is observed inside the aerosol flow chamber. A TSI aerodynamic particle sizer (APS) is used to measure the sizespecific aerosol concentration in the chamber, and the N 2 concentration can be calculated using the measured temperature and pressure of the air inside the chamber. As depicted in Fig. 1 , the excitation source is a frequency-tripled flashlamp-pumped Q-switched Nd:YAG laser that produces 10-ns-long pulses at 355 nm and 1064 nm. Dichroic beamsplitters separate the 355-and 1064-nm legs so their polarizations and output energies can be independently controlled, and pickoffs monitor the energy of each beam. The 355-and 1064-nm beams are recombined and sent through the aerosol chamber at an angle of ~2° with respect to the field-of-view of the receiver optics to ensure that measurements reflect true backscatter. Light scattered from aerosols inside the chamber is collected with a 50-mm diameter, 100-mm focal-length (fl) lens. A ~1-mm diameter field stop is placed near the back focal plane of the collection lens. Another 100-mm-fl lens approximately re-collimates the collected light before it is sent through a series of dichroic beamsplitters and detectors. The first beamsplitter picks off a fraction of the 355-nm received photons which are detected by a UVenhanced avalanche photodiode (APD). Similarly, the second beamsplitter picks off the 1064-nm photons and sends them to another APD. Finally, the remaining light is sent to a compact imaging spectrometer attached to an intensified CCD (ICCD) camera that allows wavelength-resolved detection of the 355-nm excited elastic, Raman and LIF. Using a long-pass filter, we block the 355-nm elastic backscatter and record only the Raman scattering (from O 2 , N 2 and H 2 O) and LIF. For calibration, the long-pass filter is removed and appropriate neutral density filters are used to allow the 355-nm elastic signal to be recorded on the ICCD. Figure 2 shows a time history of the 1064-nm elastic backscatter signal (blue) along with the scaled aerosol concentration measured by the APS. Dry powder aerosols are generated using a Palas Rotating Brush Generator, and wet aerosols are generated using a Sono-Tek nozzle. The release profile consists of periods of clear air (no aerosols in the chamber) followed by periods where a uniformly distributed aerosol cloud is flowing through the chamber. The particle concentrations in this release profile ranged from 50 k to 250 k particles per liter and the 1064-nm laser energy was ~3 mJ/pulse. The optical signal tracks the size-resolved aerosol concentration (as measured by the APS) very well and has high signal-to-noise. Signals from the 355-nm elastic backscatter and LIF channels produce similar results. Figure 3 shows the clear-air N 2 Raman signal obtained from 30 laser shots (1 second) of ~8mJ/shot at 355 nm. The Raman signal has very high signal-to-noise and the background LIF signal is quite low to permit aerosol cross section measurements with low uncertainty, perhaps as low as a calculated ±15%. Elastic backscatter and LIF cross-sections are currently being calculated for a number of biological and atmospheric aerosols as well as PSL spheres. Elastic backscatter cross-sections obtained using this laboratory short-standoff bistatic lidar will be compared with results obtained from Mie calculations.
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